Iron is one of the most important structural materials in every field of science, technology, industry, etc. Its application in a radiating environment requires the knowledge of accurate excitation functions for the possible reactions in question. By using the Thin Layer Activation technique (TLA) the knowledge of such data is also extremely important even in the case of relative measurements to design the irradiation (irradiation energy, beam intensity, duration) and also for radioactive safety estimations. The cross sections are frequently measured at low energies but there are unsatisfactory and unreliable data in the energy range above 40 MeV.
INTRODUCTION
As a part of our systematic study for medical, industrial, and other purposes high-purity iron foils were irradiated at the k=110 AVF cyclotron of Tohoku University, Japan, by using the well-established stacked foil technique (Fig. 1) . Iron is one of the most important construction materials used in both low-and high-energy accelerator building. Its behavior by charged-particle activation is very important already in the designing stage. The cobalt, manganese, vanadium, chromium, and scandium isotopes, producible from natural iron by charged-particle irradiation, are also used as gamma-ray references, tracers for industrial (e.g., TLA), biological (e.g., medical) and agricultural studies. For degrading the beam energy and for monitoring purposes aluminum and copper foils were also inserted into the stack. The irradiated samples were measured off-line by high-resolution gamma spectrometry. As a result excitation functions for 55 There are some existing literature data both in the low-energy [2, 4] and in the higher-energy range [1, 3, 5] Sc [1, 9] . These data were plotted together with our new results for comparison.
EXPERIMENTAL
The large stacks containing more than 70 highpurity foils of different materials and thicknesses (see Fig. 1 ) were irradiated at Tohoku University (Sendai, Japan) Cyclotron Laboratory on one of the external beam lines. The irradiations took 30 to 60 minutes and the beam current was monitorized. In order to get the exact number of particles that hit the target Al and Cu foils were put into the stack both for monitoring and for energy degradation purposes. By evaluating the 22 Na and 24 Na content from the aluminum foils and the 56 Co, 58 Co, 62 Zn, and
65
Zn content from the copper foils we could calculate the correct particle flux hitting the targets. The stacks were disassembled after the irradiation and the foils were measured individually several times (just after the irradiation and after a shorter and a longer "cooling time" to follow the decay properties of the different isotopes produced. In several cases decomposition of the complicated peaks was necessary. After a precise detector efficiency determination and accurate measurement of the geometry of the samples (to correct the nominal thickness of the foils) the average cross section in the given foil was calculated. The corresponding particle energy was determined by using our own and commercial Monte Carlo stopping power calculations [10] .
RESULTS AND DISCUSSION

Cobalt Isotopes
The most frequently produced isotopes from iron targets are the cobalt isotopes, which are widely used in science, medicine, industry, and agriculture. The most important of these is 56 Co, which is the best tool for Thin Layer Activation (TLA) and wear measurements. There are many and well-compiled data for the nat Fe(p,x) 56 Co reaction in the literature in the lower-energy range up to 40 MeV [2, 11] , but few and contradictory measurements were performed in the energy range above 40 MeV.
A comparison of the available data is shown in Fig. 2 . Our new results between 40 and 70 MeV are compared with the literature. In the same figure the data available for the lower-energy range are also displayed. From Fig. 1 , one can see that our data are slightly higher than the fit calculated from the extrapolation of the lower-energy datasets, and also higher than the data from Michel [1] and Williams [3] but in good agreement with the results of Barchuk [5] . It should be mentioned that both by Williams [3] and by Barchuk [5] the lower-energy peak on the excitation curve is shifted significantly towards the higher energies.
The production of isotope) can be calculated by using our cross-section curves. 55 Co can also be produced and chemically separated as tracer for quick processes. From Fig. 3 it is seen that our new data are slightly above the available results from the literature. Co by proton irradiation from iron.
The available 2 datasets for the production of 57 Co are very contradicting and practically cannot be used for any calculation. Our new results above 40 MeV are shown in Fig. 4 . It is seen that our data agree with the results of Michel [1] and Walton [6] in the investigated energy range. Co by proton irradiation from iron.
Co-57
Manganese Isotopes
The available literature data for the production of 52 Mn from natural iron are also very contradicting (see Fig. 5 ). Our data in the investigated energy range (40-70 MeV) are between the data of Michel [1] , Barchuk [5] , and Lagunas-Solar [7] . The literature data for 54 Mn are in better agreement than by the other isotopes especially in the higherenergy range. Only the results of Williams [3] differ significantly from the others. Our data are slightly above the data from other authors (see Fig. 6 ). 
Mn-54
Vanadium, Chromium, and Scandium
From this group the measurements brought acceptable results for 48 V, 51 Cr, 48 Cr, and 47 Sc. In Sc by proton irradiation from iron.
